Abstract-Research is reviewed which reveals the surprisingly advanced perceptual skills of very
INTRODUCTION
This review of the development of spatial perception during infancy will update and extend earlier reviews by Dodwell (1983a) and Dodwell et al. (1987) . This early work was conceptualized on the basis of an old division of spatial senses into localizing ('where') and pattern recognition ('what') functions (Held, 1968) . This dichotomy is exemplified by the conceptualizations of two functionally independent visual systems developed by Held (1968) and others (e.g. Trevarthen, 1968; Schneider, 1969) . The 'where' system, based on collicular structures, is specialized for the localizing of stimuli in egocentric space, that is, in relation to one's body. The 'what' system, mediated by cortical structures, is concerned with the detailed analysis and identification of patterns and objects.' Building on this research, Bronson (1974) proposed a model of visual development during infancy in which he argued that the cortical visual areas were not functional at birth and for the first month or two of life visual abilities depended on the superior colliculus.2 Because the superior colliculus contains neurons responsive to visual, auditory, and somatosensory information (e.g. Cynader, 1979), we generalized from Bronson's model of visual development and expected to see reliable orientation responses in newborns to visual, auditory, and tactile stimuli.
Sensitivity to the internal structure, or the pattern properties of stimuli, should emerge later, with experience and cortical maturation.
NEWBORN PERCEPTUAL ABILITIES
Early research by the authors was devoted to understanding sensory orientation in newborn humans in auditory, visual, and tactile modalities. In these experiments, the direction and degree of head and/or eye turning toward the source of stimulation were measured. The procedure consisted of holding the infant in a semi-supine position, centering the infant's head with a visual target, and then removing the fixation target and presenting an off-midline stimulus. Visual and auditory stimuli were presented at a distance of approximately 20 cm from an infant's head; stimulus position on the horizontal plane differed depending on stimulus modality (see below). Reliable head or eye turning toward the target was taken to be evidence of perceptual-motor coordination.
Neonatal spatial responses to auditory, visual, and tactile stimuli First, it was demonstrated that reliable orienting to a sound source can be elicited in newborns, even within minutes after birth. The auditory stimulus was usually a rhythmic, rattle sound (see Muir and Field, 1979 , for procedural details) presented 90 deg from midline, opposite one ear, for 15-20 s or until the infant turned to face toward or away from the sound source. It was found that newborns turned 88% of the time toward the sound source, averaged across a series of studies (summarized in Muir et al., 1989 , and shown in Fig. 1 ). It should be noted that the highest number of correct responses was consistently obtained when visual conflict was eliminated by testing infants in the dark (Muir et al., 1989) .
Next, the auditory localization procedure described above was used to compare neonatal responses to off-centered auditory, visual, and tactile stimulation (see Muir and Clifton, 1985 , for procedural details). All testing was conducted in the dark. In three studies, the auditory stimuli were recorded or live rattle sounds presented 90 deg from midline. The visual stimuli were static, circular patterns of red light (4-6 deg visual angle in diameter) presented approximately 30-45 deg off midline. Although the within-subject experimental designs and stimuli were not identical in the three studies, the neonates' performance was similar: they turned 86% of the time (averaged across the three studies) toward the visual target (see Fig. 1 ), comparable to 82% on rattle trials. In one study, infants were also tested with a regular, pulsing, air puff presented to one side of their faces. The experimenter simultaneously squeezed two nasal aspirators, one with its nozzle pointed toward the cheek, approximately 1.5 cm from the corner of the infant's mouth, and the other on the opposite side, pointed away from the infant's head, to balance the non-tactile stimulation on each side. As shown in Fig. 1 , neonatal head turning was directed toward the tactile stimulus above chance levels (75% correct). However, when responses to the different stimuli were compared in that study, the air puff elicited significantly fewer head turns in its direction than did the auditory and visual stimuli.
To explore further newborn sensitivity to lateral tactile stimulation, a gentle stroking or a puff of air was delivered to the forearm's outer surface of 32 neonates (Dodwell, 1983a ; D. E. Humphrey, D. Muir, P. C. Dodwell and G. K.
Humphrey, unpublished ms). Tactile stimulation to the forearm is more distal on the body than stimulation of the cheek and perioral region, which normally elicits a rooting reflex in the newborn. Thus, orienting to touch on the arm would
